“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1995 


An analysis of construction activities in the 
Piney Grove area and the impact on the 
Kinley Creek Watershed 


Alberghini, John C.; Newton, William C. 


Monterey, California. Naval Postgraduate School 


http://hndl.handle.net/10945/25667 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


(8 D U DLEY research materials and institutional publications created by the NPS community. 
m\\\s Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


MN KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 


http://www.nps.edu/library Monterey, California USA 93943 


Ae ae 
Rat dves 


ie tami” Seats 
Pe Pe ge 


a ap pphaey int 
eee est tee: 
ae eemenes 


2 te 
= Rare Th 


sree San eth 
Ss mel 





SUDLEY KNOX LIBRARY 
“AVAL POSTOSad. (ATE SCHOCL 
MONTEREY Ge 35043-5101 











UNIVERSITY OF SOUTH CAROLINA 


KINLEY CREEK WATERSHED 
LEXINGTON COUNTY, SOUTH CAROLINA 


AN ANALYSIS OF CONSTRUCTION ACTIVITIES 
IN THE PINEY GROVE AREA 
AND 
THE IMPACT ON THE KINLEY CREEK WATERSHED 


A Research Project Submitted in 
Fulfillment of Course 
Requirements For 
enV 37 
Special Topics in Civil Engineering 


a ee) 


Master of Engineering 
from University of South 
Carolina 


ae ae Fie 


By: 


John C. Alberghini 
and 
William C. Newton 


Columbia, South Carolina 


June 1995 





ACKNOWLEDGEMENTS 


We wish to acknowledge the support provided by the Lexington 
County Department of Planning and Development, especially the 
assistance of Mr. John Kludo in training us in the use of the GIS 
System and its applications in this project. In addition, we 
appreciate the background information provided by Mr. Flint 
Holbrook and Mr. Steve Bradley of the South Carolina, Department of 
Health and Environmental Control, Bureau of Water Pollution 


Gomerol . 





TABLE OF CONTENTS 


PRcEOFMENGWRES ... MM... 9)... .. SOR... . eee. 3 
“LISTE OIE’ YUE SS ara 4 
MeM@WOGmION/ BACKGROUND 9. ......c00cs ce reve eeeeeteeeeeuss 5 
i TET WS a er 6 
AERC oo SN ce ea i 
PVeerreemrSi Tio ...26.... MMe... oie ete... Boe 
BONCLUSTONS ......... Sb kk ee ee 14-15 
Moreen iM MDA TNONS Gl te gc. cape ene ce es sss. sees see was vew eens 16 
ue FRCS 5 Ay ee sy 
APPENDICES 
CS WADA 2 Ce er APP-1 
Pm DGEP BATCH @RNEES § 06... .... 0+ cs 00s +s ca esses ss sues Ripe 22 
Been HOCH SUMMARY OUTPUT FILES ...........s0++e.seee es APP-3 
35mm PRINTS AND SLIDES (various) .......... hee eee APP-4 





la 


HES OF FIGURES 


Kinley Creek Watershed Link-Node Diagram 
Kinley Creek Watershed Link-Node Diagram (200 Series "Cutout") 


Lexington County, South Carolina Design Rainfall Intensity 
Values 


Grove Park Pond Outlet Device Rating Curve: Original, 3 ft 
diameter riser 


Proposed Grove Park Detention Pond Expansion 


Grove Park Pond Outlet Device Rating Curve For 30, 45 & 60 
degree V-Notch Weir 





10 


La 


2 


ie 


14 


LIST OF TABLES 


Peak Runoff Rate Comparisons 2 Year P = 3.70 inch Design Storm 
Peak Runoff Rate Comparisons 5 Year P = 4.75 inch Design Storm 


Peak Runoff Rate Comparisons 10 Year P 
SVE ope an 


5.45 inch Design 


Peak Runoff Rate Comparisons 25 Year P 
Storm 


6225)1nch Design 


Peak Runoff Rate Comparisons 50 Year P 
DECEIT 


7.10 inch Design 


Peak Runoff Rate Comparisons 100 Year P = 7.75 inch Design 
Seon 


Grove Park Pond Rating Analysis Spreadsheet: Original, 3 ft 
diameter riser 


Grove Park Pond Stage-Storage Calculations For Proposed 
Expansion 


Peak Runoff Rate Comparisons: Effects of Grove Park Pond 
Enlargement on 2 Year P = 3.70 inch Design Storm 


Peak Runoff Rate Comparisons: Effects of Grove Park Pond 
Enlargement on 5 Year P = 4.75 inch Design Storm 


Peak Runoff Rate Comparisons: Effects of Grove Park Pond 
Enlargement on 10 Year P = 5.45 inch Design Storm 


Peak Runoff Rate Comparisons: Effects of Grove Park Pond 
Enlargement on 25 Year P = 6.35 inch Design Storm 


Comparison of Proposed Enhancements to Grove Park Pond For 
2 veas 2 = 22/0 ,ineh design Storm 


Comparison of Proposed Enhancements to Grove Park Pond For 
25 Year P = 6.35 inch design Storm 





INTRODUCTION/ BACKGROUND 


Mme hos a seormwarer matagement study for the Kinley 
Creek Watershed was completed by Meadows et al. The goal of that 
study was to "develop a framework to resolve existing problems 
associated with stormwater runoff from developed areas and to 
anticipated and wisely plan for the effective management of 
stormwater and sediment in those areas to be developed." (Meadows 
et al, 1992) It included the development of a comprehensive model 
to simulate the hydrologic conditions of the watershed. By 
incorporating site specific data from Lexington County’s GIS system 
into the Drain:Edge Program, the original authors were able to 
simulate the existing conditions on site and propose future changes 


to the watershed: 


In recent years, residents in two residential subdivisions 
Southwest of the I-26 - Piney Grove Interchange have registered 
Poa oo econo lainte nmoling both an increase in the frequency of 
flooding (i.e. stormwater runoff) in and amend their homes and a 
change in the composition of the runoff itself. Whereas the 
predominant deposited material in the past was composed of silt 
and sand, the residents now note a more clayey soil in the runoff. 
Pecauscmememclay emumeri 15 Causing a more noticeable proklem 
(primarily property damage in the form of clay stained ate 
basements, carpets etc...), much attention has been focused on the 
root cause of the problem and possible solutions or combinations 6f 
solutions to the flooding problems. ‘ 
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OBJECTIVES 


The goal of this project was to evaluate the effect of recent 
moa construction, in and around the Piney Grove - I-26 
interchange, on the Kinley Creek Watershed (primarily the K-2 
tributary). Specific objectives were to update the existing GIS 
data base and corresponding Drain:Edge link-node model to "current" 
conditions and evaluate various alternatives for changes in the 


watershed. 





APPROACH 


ihes general approach during this project was to first 
familiarize ourselves with the Kinley Creek Watershed. This was 
accomplished by (1) reviewing the original Stormwater Management 
Study conducted by Meadows et al. (1992), (2) review various 
topographic maps/aerial photos of the area for the years 1972 to 
1989, (3) conduct interviews with city, county and state officials 
gamectly involved with the flooding issue, (4) conduct windshield 
tours of the watershed itself, and (5) inspect and photograph 
various portions of watershed during actual rainfall events. 
Appendix 4 is germane. After defining the extent of the problem, 
the next step involved modifying the GIS data base in an attempt to 
isolate various changes within the Kinley Creek Watershed, noting 
their incremental impact (or lack of impact) on the watershed. 
Appendices 1, 2 and 3 are germane. After modeling the watershed at 
various stages of development, we will simulate various 
modifications to the watershed (i.e. pond size, outlet device) and 


make recommendations accordingly. 





DATA ACQUISITION AND DISCUSSION 


After review and consultation with Lexington County Planning 
and Development, we used their GIS capabilities to analyze the 
Kinley Creek watershed response to the recent road construction and 
land use changes around the Piney Grove/I-26 interchange. Attempts 
were first made to construct the Kinley Creek watershed as it 
existed in 1970. We were trying to "create" a pre-existing 
condition that eourd be compared with 1995 conditions. This 
approach was soon abandoned when information on specific land use, 
watershed delineation and road size pertaining to 1970 became 
increasingly inaccurate. However, in appendix 1, we have included 
a "mock" 1970 case to take into account the increase of I-26 to 
three lanes from two lanes holding all other variables constant. 
We accomplished this by editing Lexington County’s existing road 
file. Next, we found it more reasonable, due to the availability 
of historical data, to model pre-existing conditions for Kinley 
Creek that described the watershed in 1989. Specifically, we 
implemented existing road, land use, and watershed files which 
Mer lected the Kinley Creek haceraned as it is today less the recent 
Piney Grove changes created by DOT construction. As the GIS data 
indicates, the change in I-26 to three lanes (1989) from two lanes 
(1970) had no effect on any watershed within the Kinley Creek 
Basin. Appendix 1 shows no change in curve number or PRF values 
VWiemcomparinagestme 1970 Condition to the 1989 condition. 


ais 
Sars 


To get at the objective at hand, we simulated the digitizing 





process GIS utilizes to add the Piney Grove and frontage road 
improvements. By changing the buffer file, we were able to 
accurately describe the width of each new road. In addition, we 
had to change the land use file to reflect changes induced by the 
borrow-pit (watersheds 133 and 132) and changes in the land between 
Piney Grove road and Grove Park Pond (watershed 700). After 
considering the existing conditions of these two areas, we decided 
to make two different 1995 models. One model would reflect open 
grass fields for land use in the borrow-pit and in the land 
adjacent to the pond. The other model would reflect an impervious 
surface for land use in these same regions. We chose to consider 
an impervious case for two reasons. First, after observing the 
condition of these areas during a five year rain event, we felt 
that the land was still acting like an impervious surface rather 
than as a grassy field as intended. Furthermore, an impervious 
analysis would give us some insight as to the effects on runoff 
during construction when the land in question was primarily 
compacted clay. Secondly, we learned Pee ee two areas of land 
will most likely be commercially developed in the near future so 
that an Seen one analysis certainly would be appropriate for 
permanent future conditions. The last two files in appendix 1 
reflect the curve number and PRF changes forecasted by GIS for the 
conditions described above. As anticipated, the curve numbers and 
PRF values for the 1995 model which assigned the land use as 


iMipenvmMele were scomciderably higher in the associated watersheds. 





Given the four conditions described previously, we chose the 
Drain:Edge Stormwater modeling software to perform a runoff 
analysis of the entire watershed. By utilizing earlier work done 
by Meadows et al., 1992, we updated the link-node diagram for the 
Kinley Creek Basin to reflect Lexington County watershed 
delineation improvements. Figure 1 and Figure la illustrate the 
most current link-node diagram for the Kinley Creek Basin. 

With the link-node network in place, we created the necessary 
batch files for the ieaninemdge analysis (see appendix 2) from the 
GIS data. Using Lexington County design storm information (see 
Figure 2) we analyzed all four models behavior to the 2, 5, 10, 25, 
50 and 100 year design storm events. Tables 1 through 6 illustrate 
peak runoff rates at effected watersheds and nodes of interest 
(i.e. downstream nodes) for each storm event. In each case, the 
models were compared by calculating the percent increase in runoff 
experienced as the watershed became more developed. Tables 1 
through 6 show a less than 8 percent increase in runoff at any one 
node of interest when comparing the 1989 conditions to the 1995 
open field condition. Asa matter of fact, if nodes 701 and 700 
(the cates and outlet penticione of Grove Park Pond) are ignored, 
the percent increase is less than 1 percent for all nodes of 
interest for every storm event. The greatest impact of the DOT 
Sono ere elemucapeeaiasmeO be in the immediate watersheds where land 
use changes have occurred. When comparing the 1989 condition to 
the 1995 impervious field condition the runoff increases are 


Coneiderably= more Sagnafticant. Tables sis through G4 yillustrate 
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Figure 1. Link-Node Diagram 
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percent increases in runoff as great as 45 percent. If we ignore 
nodes 700 and 701, we still experience increases as great as 6 
percent in downstream nodes. Although 6 percent is significantly 
greater than the 1 percent observed in the previous analysis, it is 
often treated by regulations as an overall insignificant change to 
the impacted watershed. 

Once we observed the relatively insignificant effects in the 
downstream nodes, we turned our attention to Grove Park Pond. When 
running the DeaineBelse program for all four models, Grove Park Pond 
Oover-topped at the 5 year and less frequent storm events. We 
examined the pond stage-storage and stage discharge relationships. 
Figure 3 shows these relationships. When we observed the stage- 
discharge data, we concluded that the outlet device was weir 
controlled for the first four feet and orifice controlled for the 
remaining four feet. Table 7 illustrates the governing stage- 
discharge equations for the Grove Park Pond outlet device. These 
relationships were developed by performing a linear regression 
analysis on the available data. ethics poimtywe consulted 
Lexington County for feasible pond enlargement information. 
Were ngton County provided Filemane 4, a contour map of the land 
adjacent to the Grove Park Pond detention site. From discussions 
with Lexington County, we learned that the Grove Park Pond is 
scheduled to be enlarged in the near future to a 2-3 acre detention 
Site. The depth of the pond is to remain at eight feet. With this 
information, we modelled the proposed changes to Grove Park Pond “ 


with an inverted quadrilateral frustum. Table 8 shows the stage- 
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storage relationship determined from the proposed pond dimensions. 
We altered the batch files to reflect the new stage-storage 
relationship for the Grove Park Pond keeping the outlet device 
unchanged and again ran the 1995 models for the 2, 5, 10 and 25 
year storm events. Tables 9 through 12 illustrate significant 
decreases in runoff at downstream nodes as a result of the Grove 
Park Pond expansion. Specifically, at node 701 (the outfall of 
Grove Park Pond) we experienced decreases in runoff ranging from 69 
to 75 percent iavaoweincnle the different storm events. Closer 
observation shows that the enlarged ponds ability to decrease 
runoff rates lessens with increasing storm event return period. In 
other words, the enlarged pond is most effective in reducing runoff 
in the downstream nodes for the 2 year storm event. Table 9 
illustrates that some downstream nodes decreased by as much as 11 
percent where as the most remote downstream node decreased by 3 
percent. These values reflect the comparison of the 1989 condition 
to the 1995 open field condition. We notice similar reductions 
when the 1995 impervious field condition is compared, however, the 
magnitude of reduction consistently lags the 1995 open field values 
(see Tagies So through d2) 2 } 

Lastly, we considered replacing the outlet device on Grove 
Pose Pondawith a V-noteimyeia. This change wag aomeneneea because 
of Lexington County’s desire to drastically detain frequent storm 
events while allowing less frequent events to pass through more 
quickly. They reasoned that a V-notch outlet device would lessen s 


the flooding downstream of the pond for the frequent storm events. 
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To verify their reasoning, we designed three V-notch weirs with 30, 
45, and 60 degree notches, respectfully. Figure 5 illustrates the 
stage-discharge relationship for the weirs as well as their rating 
curve profile. With this information we altered the batch files 
and again ran the Drain:Edge program for the 2 and 25 year storm 
events. Tables 13 and 14 summarize the results. As we 
anticipated, the percent decrease in runoff experienced at the 
downstream nodes was directly related to the size of the notch. 
The greatest reductions were accomplished by the 30 degree V-notch 
weir for both the 2 and 25 year storm events. However, caution 
must be exercised if a V-notch weir is to replace the existing 
outlet device. When comparing Table 9 to Table 13 and Table 12 to 
Table 14, we see inconsistent results in peak reductions in the 
downstream nodes. -For instance, the immediate downstream nodes may 
experience a greater runoff reduction with the V-notch weir, but 
more remote nodes actually experience a lesser reduction and in 
some cases even an increase in runoff vice a reduction at all. 
Because of this phenomenon, outlet device changes should be 


scrutinized carefully. 
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CONCLUSIONS 


Tieweeoea=yoren currently being used by the Lexington County 
Department of Planning and Development haS extensive 
Capabilities in watershed modeling for planning purposes. We 
have only scratched the surface of its capabilities during the 
course of this project; however, we now realize the benefit of 
using such a system in conjunction with other models such as 


the Drain:Edge Program. 


Because we had trouble defining a "before" construction 
condition, we conducted our analysis of incremental effects of 
road construction on the Kinley Creek Watershed by holding 
everything else constant and changing isolated pieces of the 
pie. Although this approach may leave the bottom line numbers 
we generated quasi-defendable in court, we believe they do 
give us an indication of the relative impacts of the various 


changes. 


spear witnessed an acewal Seen storm event during this 
project, there is no doubt that there is a flooding problem in 
the respective areas discussed in this report. Of primary 
concern is the condition of the clay borrow-pit Northeast ‘of 
the Grove Park Subdivision. Although considerable (and 
successful) efforts have been made to stabilize the side ~ 


slopes around the borrow-pit, only minimal vegetative cover 


14 





fiasco eestalltshecmw tele the = contines of the borrow-pit. 
Bottom line: the netewannroelie is approaching an impervious 
surface condition with excessive clay-carrying runoff leaving 
the site. The only solution to the clay problem is to prevent 
the clay from leaving the Site. For whatever reason, DHEC 
seems satisfied with the borrow pit stabilization efforts 
undertaken by the contractor (under contract by DOT) to date. 
Frankly, this iS surprising considering the extent and 
composition of the runoff and the documented headaches it is 


causing! 


Because many of the homes in the Grove Park Subdivision and on 
Lewisham Road are constructed in the flood plain, they are 


always subject to flooding during high intensity storms. 


The Grove Park Pond is inadequate by any measure. Both the 
DOT and Lexington County Planning and Development recognize 
this and have initiated appropriate action to modify/enlarge 


the pond. 
Although it was beyond the scope of this project, it is 


apparent that many of the road crossings in the Kinley Creek 


‘, 
Watershed are inadequate even during high frequency storms. 


118) 





RECOMMENDATIONS 


Lexington County Planning and Development should continue to 
expand its use of the GIS system as they are currently doing. 
In order ue more precisely define the watershed 
characteristics, the GIS data base (primarily, the road sizes 


and land uses) needs to be updated periodically. 


The clay borrow-pit needs to be further stabilized to minimize 
clay runoff from the pit itself. Apparently, the area has 
been hydro-seeded in the past; however, frequent thunderstorms 
this spring and summer have washed most of the seed to the 
BOeton 255 90f the put, Veaving the remaining 75% with no 


vegetative cover. 


Lexington County should design and modify (enlarge) the 


existing Grove Park Pond as currently planned. 


A long range plan should be developed to upgrade/replace 


undersized road crossings in the Kinley Creek Watershed. 


IG 
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